An impactor sampler (AWS-16, Arios, Tokyo, Japan) was used for the TEM sampling. The sample air flow was 1.0 L/min with 0.5mm and 1.0 mm nozzle sizes for fine and coarse modes, respectively. The distances between the nozzle and TEM grids were the same as the nozzle sizes. The sampler, using these settings, collects particles with ~0.1-0.7 µm aerodynamic diameter (50% cutoff diameter) on the finemode stage and >0.7 µm aerodynamic diameter on the coarse-mode stage on the lacey carbon TEM grids. It is possible that some tarballs bounced more on the substrate than other low viscosity particles 1 , resulting in possible underestimation of the tarball number fraction in Fig. 1 . The TEM samples were manually collected when the aircraft passed through the smoke plume. The relative humidity (RH) in the sampling line could be 10-30% lower than ambient due to aircraft cabin temperature (Fig. S7 ).
such as hydrogen, that cannot be determined. Damage by the electron beam also precludes absolute EDS quantification, but the effect can be minimized by using relative element compositions. In Fig. 1 , we first obtained non-sulfate O, N, and K values for individual particles and then averaged these values within each sample to determine the O/K and N/K ratios to obtain ensemble ratios within samples, which are comparable to the SP-AMS data. When using average values of O/K and N/K directly from individual particles rather than the sample average values, the trends in Fig. 1 does not largely change but the values increase as the individual particle average values are sensitive to particles with a trace amount of K. Note that the O/K plot for flight#3 in Fig. 1 shows no correlation between photochemical age and O/K values for all samples but has a weak correlation (R 2 =0.27) for the first repeated flight pattern (Flight #3-1, see SI Appendix, Fig. S5 ). The second repeated flight pattern included samples with relatively high O/K for fresh samples that were collected at lower altitude than other samples, resulting in the weak correlation.
Potassium is a conserved tracer ( Fig. S6 ) that is neither lost nor added during aging whereas some volatile organic compounds and nitrate may be lost during analysis or sample storage. The loss of volatile materials could increase the relative weight % of remaining elements from their original components but the ratios to K do not change for non-volatile components. When measured using the on-line SP-AMS analysis, K concentrations in BB smoke are almost constant within several hours after emission ( Fig. S6 ) although the freshest smokes have relatively high K and an accurate quantification of K needs detailed ionization efficiency for each K salts (see next section for details). The average tarball size (~220 nm, σ=1.6 at area equivalent diameter; Fig. 2 ) is larger than the peak sizes of on-line electric mobility diameters measured using FIMS (~170 nm at electrical mobility diameter), although these size distributions overlap ( Fig. S8) . A direct comparison is difficult because of different measurement techniques, but the result suggests no major volume loss in tarball particles during the TEM analysis.
Size and shape factors were measured from the binary STEM images of the particles. Shape factors were obtained from Pactual / Pspherical, where Pactual is the perimeter determined from the actual binary images, and Pspherical is the spherical perimeter calculated from the area-equivalent diameters. A sphere has shape factor 1, and a particle with complicated shape has a shape factor higher than 1.
The uncertainty of the STEM-EDS measurements was estimated using mixtures of organic and inorganic compounds to simulate the BB aerosol particles. The measured N/K and S/K ratios agree reasonably with the theoretical values with 3 and 5% uncertainties, respectively. Measured O/K ratios agree with the theoretical slope value but has -6% intercept (Fig. S10 ). This underestimation is caused by the heterogeneous coating of phthalic acid on the inorganic mixtures. Some phthalic acid crystalized without inorganic compounds and did not contribute to the mixtures, resulting in a constant underestimation of O from the organic coating.
We also conducted a test measurement using a standard powder sample of humic acid collected from Dando soil 4 . The reported values for C, N, O, and S in normalized wt% fractions are 64.1, 5.2, 30.6, and 0.14%, respectively, whereas those of STEM-EDS measurements were 66.4 (±1.3; 95% confidence interval), 7.0 (±0.5), 26.4 (±1.0), and 0.13 (±0.02). Our measured values are within 5% in wt% of the reported values. The possible causes for uncertainty in the STEM-EDS analyses include the effects of 1) carbon substrate, 2) particle thickness (self-absorption in the specimen), 3) evaporation and beam damage, 4) k-factors used for the quantification, and 5) the variations of individual particle compositions for the standard samples.
Potassium as a tracer for biomass burning
Potassium is used as inert, nonvolatile tracer of biomass burning [5] [6] [7] [8] . Particulate potassium as measured by AMS 9 and SP-AMS 10 has been used previously as a conserved tracer and biomass burning marker, respectively.
In Fig. S6 , we showed the changes in particulate potassium relative to gas phase carbon monoxide (dK/dCO) as distance increases from the fire source during flight #3 using the SP-AMS. The absolute value of the potassium ion signal in the SP-AMS depends on the collection efficiency (CE) and the relative ionization efficiency (RIE; relative to nitrate), both of which are in turn dependent on the vaporization and ionization mechanism. Potassium salts were vaporized by the laser vaporizer and by the heated tungsten vaporizer. During this campaign, the laser vaporizer was either turned on/off every ~1 minute or turned on for select plume crossings; the data in Fig.   S6a was collected with the laser ON (i.e., dual vaporizer mode). Most species are ionized by electron impact in the AMS; however, potassium is known to also undergo efficient surface/thermal ionization, potentially generating significantly higher ion signals than electron impact ionization 5 . The differences in the chemical form of the potassium salt will result in differences in volatilization efficiency, ionization 6 mechanisms (electron versus thermal), and RIE 9 . For example, the RIE values for K were estimated as 2.9 by Drewnick et al. 10 and 10 by Slowik et al 11 . If we apply 2.9 for the RIE, the K mass loadings decrease by a factor of 1/2.9 in the plot. Given these complexities, there is considerable uncertainty in quantitatively measuring potassium mass with the SP-AMS, particularly in a field campaign situation where the molecular form of the potassium salts can change from sample to sample. Although there are significant uncertainties with quantification, we did not see major changes in potassium signals during our sampling of a particular plume and we argue it is therefore reasonable to assume that neither removal nor condensation of potassium occurred in the smoke plumes during the sampling periods. Black carbon concentrations measured using the SP2 showed a positive correlation with CO concentrations for flight #3 (R 2 =0.66). The result also indicates the absence of major removal of primary particles during the sampling. Averaged shape factors of particles in fresh plume (photochemical age less than 0.5; 19 samples, 4219 particles) and aged plume (photochemical age greater than 0.5; 33 samples, 6553 particles). Error bars indicate the 95% confidence interval. Shape factor 1 is for a sphere, and the value becomes larger for irregular particles such as deformed particles and ns-soot. Aged samples have lower shape factors, suggesting that many particles in the aged samples were less deformed on the substrate and had higher viscosities and surface tension and tarball fractions than fresh ones. Figure S4 . Changes of shapes and element distributions of BB aerosol samples followed by aging. The samples are the same as in Fig. 3 . a, TEM image of a fresh BB sample with photochemical age of 0.34 (flight #3 between 20:13:37 and 20:19:12). b, TEM image of moderately aged sample with photochemical age of 0.62 (flight #3 between 20:28:29 and 20:31:03). c, TEM image of aged sample with photochemical age of 0.97 (flight #3 between 20:50:52 and 20:53:21). Colors indicate normalized EDS intensities for each element. Potassium-salt particles look darker than the hosted organic matters. Figure S5 . Examples of EELS spectra for (a) C and (b) N of tarballs, other OA particles, ns-soot, graphite and ammonium sulfate. The particles (except for ammonium sulfate and graphite) were collected during flight #3 between 20:50:52 and 20:53:21. Ambient ammonium sulfate was collected at the T3 site on 2014/01/30 during the GoAmazon 2014/5 campaign 2 for reference because the BBOP samples have few pure ammonium sulfate particles. Bold lines are median values of all spectra for each particle type. The spectra are normalized from 0 (minimum intensity) to 1 (maximum intensity). a, EELS for carbon and potassium edges for graphite material (n=1), ns-soot (n=2), OA particles (non-tarball; n=3), and tarballs (n=13). C=C (285.2 eV), C-C (292.8 eV), K (296.7 eV and 299.1 eV). b, EELS for N within tarballs (n=4), OA particle (non-tarball; n=1), and ammonium sulfate (n=3). In the yellow highlighted area, ammonium sulfate and OA particles have a sharp peak at ~402.5 eV, whereas tarballs have a broad peak at ~403 eV. The EELS spectra were averaged for ± 0.25 eV with integration time of 20 seconds (2 seconds ×10) with dispersion of 0.05 eV (from 280 to 482 eV), and background extractions were applied. 
